• APPARATUS AND M^OD POR TESTIHC SUBSTRATE 

Background of the Invention 

^^LgL Lthe invention 

5 The present invention relate t- 

fot testing . substrate " lateS t0 " <*• -hod 

testing —re Par ti=u 1Srly to a substrate 

t«tin, apparatus a„ d metho<J 
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A substrate testing apparatus for testino * 

- toOTO in „ hich the substrate is * 
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a liquid crystal substrate * 
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15 secondary electron . rays ' 

substrate. " ""^ the 
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«yst al substrate, the unit area is ► ■ 

'or exampie. . " " ' ° U * of «*-*-. 
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joints and the number of 
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measurement points set in the unit area may differ depending 
on the object to be measured. For example, 900x20 or 320x60 
measurement points are arranged for the unit area of 45mmx3mm. 
Figs. 5A and 5B are views for explaining the array of 
5 measurement points in the unit area. 

Fig. 5A shows an example of the array of 900x20 measurement 
• points. Substrate A is divided into unit areas of 45mmx3mm, 
each unit area having 900 points along a width of 45mm and 20 
points along a length of 3mm, whereby measurement is made at 
10 a total of 18, 000 measurement points ineachunit area by applying 
electron beam to each measurement point. 

Fig. 5B shows an example of the array of 320x60 measurement 
points, substrate B is divided into unit areas of 45mmx3mm, 
like substrate A, each unit area having 320 points' along a width 
15 of 45mm and 60 points along a length of 3mm, whereby measurement 
is made at a total of 19,200 measurement points in each unit 
area by applying electron beam to each measurement point. 

In Figs. 5A and 5B, an aspect ratio of unit area -is not 
shown to be consistent with the ratio of 45mmx3mm for the simpler 
20 explanation. 

To measure the unit, areas of this liquid crystal substrate 
using the substrate testing apparatus, it is necessary to apply 
electron beam at each of the coordinate positions corresponding 
to the array of measurement points by scanning electron beam 
25 in one direction (e.g., x direction) while moving the liquid 
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crystal substrate ln the other ^ 

^ d ri v ing tta stage , 

*«~. d6panding on the Uquld crystai substrate ^ 
3^ uiredthatthemovingspeedo(thestageMdthe 

position of elect-r^ K~ 

electron baaa are varisd ( „ ^ j 

-«»*. ^ control the Therefore _ ^ 

u w crystal substrate species Mhich ^ ^ ^ ^ 

tested xs changed, it is necessary to chance t-h 
in ^ tocnange the scan parameters 

^- thestagespeedandtheirradiatingpositiMofei ^j 

«« r r reiated " art substrate tesun9 — 

; ^ UqUid ™' — - -M* ia an ob3ect 

- c Mtrolling ths testin9 ^ ed J ^ 

the scan parameters. 

xn tha ralated . art sufastrate tesung apparatus< ^ 

— — « «- — a tlng positlon of electron beaa 

. «P.«. and the irradUting posiUon ^ aiectron 

r equlrad Co chMge _ parMeters a ^ ^ 
apparatus after changing the oar*^ 

in re,. . Parameters, resulting in a problem 

-spect of the oper abi i ity and the measurement time. 
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Summary of the Invention 

Thus,, it is an object of «,« • 

substrate testin, lnV6nti ° n * * 

testing apparatus and wMch ^ 

unnece Ssary to restart ^ ^ 

5 in chanain. ° r driv ^g the apparatus 

changing the substrate species. 

In the present invention i-h* 

SCan Parameters for thp 

alcuiated parameters, whereby it is un„= 
"> the software. " »— ««• «y . to restart 

™ S iBVentl ° n an apparatus for testino 

substrate by irrarii**-- testing a 

y irr adiation of elsr-t-v^ v 

Xsctron beam, comprising a sr^ 
Parameter calom=t-- an 

calculating, unit for calculating a staa. 
an irr-arf,- i. • stage speed and 

lrradlatln ? Position of electron k 
15 array of ^ectron beam on the basis of an 

array of measurement points in a unit area set for 

■ species whi • Setfor each substrate 

Pecies which ls an object t 

for controllina t-H ^ COntro1 ^it 

ontrollmg the movement of a st™* 

control unit for , -electron ^ 

unit for controlling the irr-^- 

The stage control unit dri v «« 
stafl6 driV6S the sta ^ at a calculated 

stage speed. Also, rh * 

— a canted ir L; I ^ ^ ^ 

lrra diating position of electron k 

s * ~s m with the operation Qf ^ ^ — 

" lth ^ SUbSt " te *~ - this i„ TOn tio n , 
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, nd the irradiating posiuon of eiectron ^ 

« "Wated in accordance with the sutstrate ^ ^ 
th. stage control unit and the electron controi a ^ 

*»- on the b asis of the =alcuuted ^^^^ 

substrate test is allowed without restarting,, - 

ui restarting the software even 
"hen the substrate species is changed. 

Also, the substrate testing apparatus of the invention 
-y further comprise a measurement point acquiring unit for 
airing the arra y of measurement points in the unit area on 
the basis of the substrate species information set for each 
-strata species. Ih e substrate species information is set 
or each substrate species. The measurement point acguirlng 
unit acquires the sub^r=r« 

substrate species information for the 
substrate which is an object tn h- f 
15 , °^ect to be tested and acquires the array 

of measurement poin t s in the unifc ^ 

The substrate species information may be the array of 

measurement points in the unit area or t-h . 

area ° r the substrate species 
for designating the type of substrate. 

If thS SUbStratS SPeCieS ^rmation is the array of 
20 measurement points in the unit area andth* 

ltarea ' and the array of measurement 
Points is set for each substrate species the ^ 

pecies, the measurement point 
acquiring unit can directly acouir* t-h 

«±y acquire, the array of measurement 

points . 



aiso, if the substrate species information 

25 substrate species fo>- ^ ■ 

for oesrgnating the type of substrate and 
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the correspondence relation ^ u 

relation data between the substrate , no • 
and the arravof» a , crate species 

- — ~rr ;■— -— 
- ....... ». »„. ,..:,„ ~: 

5 *k • measurement points f ™. 

5 ">e mput substrate species. 

1 is a schematic bloc, dlagram for 
=*strate testing apparatus of th a 
10 F , „ ° f the pr «=" invention; 

-ee e ^ " ^ ^ ^ 

electron beam ~ of 

beam according to the invention; 

^9. 3 is a viow for expiaining the relate „• ' 
^ stage movement and th • ^"ronsh.p between 

- according to th ^ " ^ 

^"g co the invention; 

« is a tabIa show . ng ^ ^ ^ 

=P=cies information of the , **strate 

™ or the invention; and 

bailed oescripuon of the r„ve»Uon 

The preferred embodiments of th. 
- -cribedbelo Wwlth ^ ' ~ — 

X i. . schematic bloc, d ™* drawings, 

•tic block diagram for exola,'.i„ 
apparatus of the inv „ • eXPlai " ln * * 

6 lnVentl ° n - ln ««• 1. the substrate 
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testing apparatus 1 comprises an electron beam gun 3 for 
radiating electron beam, a stage 4 for supporting and moving 
a substrate 2b disposed thereon, a stage control unit 5 for 
controlling the driving of the stage 4 , an electron beam control 
5 unit 6 for controlling electron beam from the electron beam 
gun 3, and a scan parameter calculating unit 7. 

A substrate 2a which is an object to be tested is placed 
on the stage 4 of the substrate testing apparatus 1 by a conveyor 
(not shown)-. The substrate 2b disposed on the stage 4 is 
• 10 irradiated by electron beam from the electron beam gun 3. 
Secondary electrons or reflected electrons are^ emitted from 
the measurement points of the substrate 2b irradiated by the 
electron beam. By detecting electrons emitted from the 
measurementpointsusingadetector (not shown, ,• the measurement 
15 points of the substrate 2b are tested. Herein, using a combined 
operation of moving the stage 4 and scanning the electron beam, 
a plurality of measurement points on the substrate 2b are tested 
by scanning the electron beam. 

The scanning of electron beam on the substrate 2b is 
20 performed over the entire test area composed of unit areas as 
shown in Figs. 5A and SB, whereby the test area of the substrate 
is tested. 

The array of measurement points set in unit area differs 
depending on the substrate species, as shown in Figs. 5A and 
25 SB, in. which the 900x20 measurement points as shown in Fig. 
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5A o, 320X60 measurement points „ shoMn ^ ^ ^ ^ 
in a unit area of 45mmx3mm. 

The scanning of electron tea* in the unit area of the 
substrate is made bymoving the stage 4 and ^ 

5 beam in combination. Herein. as one example, in the unit area 
of F igs . 5A and 5B , thfi movenent of ^^^^ b ^ is ^ ^ 

the longitudinal direction (length of *», by moving the sfcaje 
4 and in the transverse direction (width of 45mm, by scanning 
the electron beam with the electron beam gun 3. 

10 The stage 4 is driven in the longitudinal direction (length 

of 3m™, in the unit area at a constant speed to move the substrate 
*b. Meanwhile, the electron oeam sun 3 reciprocatively scans 
the electron beam in the transverse direction (width of 45mm, 
in the unit area, synchronously with the driving of the stage 

8 4. The moving speed of the stage 4 and the irradiating position 

of electron beam are decided by the amv nf « 

" oy tne array of measurement points 

set in the unit area. 

The control for driving the stage 4 is made by the stage 
control unit 5. The controi of electron beam fro* the electron 
> beam gun 3 is made by the electron beam control unit 6. Also 
the stage speed controlled by the stage control unit 5 and the 

irradiatingpositionofelectronbeaMcontrolledbytheelectron 
baa, control unit 6 are calculated by the scan parameter 
calculating unit 7. 

The scan parameter calculating unit 7 comprises stage 
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speed calculating unit 7a iW , 

y unit /a for calculating the a i-„„. 

^ stage control unit 5 on th h ^ ° f 

species information • ^ SUbst "te 

* u eradiating position of electron k 

5 by the eleri-r rt « u electron beam 

electron beam control unit 6 

unit 6, and an input . 

The stage speed calculating unlt 7a . , 
- «- -en to,can each unit J " <«» 

* * « to be teste, ^ 

he tested, and the movement distance The r • 
taken to scan each unit a„= • 

- the numher ot mea " " °° ^ 

" ° f meas urement points wi thin t . . 

the measurement time taken 

time taken per measurement point 

For example, assuming that th. *, 
« «lt area *« , ^asurement points in the 

area (45mmx3mm) are 900x20 and the m 

~- P oi„ t is 0.000000! sec th e t ^ ~ 

longitudinal direction „ Ul ln the 

rectlon ' ls »9tl> of 3mm) ls 

ul * ^'•^oxao^o.ooooooi^o.ooiue. 

= 7 8.947mm/sec 

Mso, assuming that the measurement points in J" . 
«ea ,45mmx3mm, are 320«o h 

measurement ooint ', „ "-"eurement time per 

ent point is 0.0000001 sec f h. 

longitudinal direction (1 " "* *» ^ 

erection (length of 3mm) is 

D2 = 3 ^"3 2 0x 6 0x 2 o ) x0.0000001 +2x o.ooi )s ec 
- 7 -3-257mm/sec 

(2) 
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Herein, this stage speed is obtained by measuring the 
same unit area twenty times, and transferring the measurement 
data, in which "20" in (900x20x20, and (320x60x20) in the 
expressions (1) and (2) indicates twenty measurements and 
"5 (2x0.001) indicates the data transfer time. 

As indicated in the above example, it is required that 
the stage is driven at the stage speed that is varied depending 
on the number of measurement points in the unit area. 

The stage speed calculated by the stage speed calculating 
10 unit 7a is set on the stage control unit 5, whereby the movement 
speed of' the stage 4 is decided. 

Also, it is. required that the irradiating position of 
electron beam'applied to each measurement point is decided by 
the array of measurement points. 
15 The irradiating position calculating unit 7b calculates 

the positional coordinates for the irradiating position of 
electron beam on the basis of the array of measurement points 
in the unit area and the stage speed calculated by, the stage 
speed calculating unit 7a. The irradiating position of electron 
20 beam depends on the stage speed, because the stage is moved 
at a constant stage speed, and the scan line is deviated in 
the moving direction of the stage, when the position of electron 
beam in the moving direction of the stage is not changed along 
with the movement of the stage. 
25 Accordingly, to scan the electron beam on the same scan 
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line, it i. required that the irradiating position of electron 
beam is calculate along with the Movement of the stage by the 
irradiating position calculating unit 7b, and changed in the 
moving direction of the stage on the basis of the caiculated 
5 positional coordinates . « this time, the irradiating position- 
calculating unit 7b calculates the irradiating position of 
electron beam in the x direction <or the traverse direction) 
in accordance with the array of measurement points in the unit 



area. 
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For example, when the measurement points in the unit area 
(45mmx3mm) are 900x20, assuming that the coordinates for the 
irradiating position at the first scan line are (1, yi), (2/ 
™> <3, Y3>, .., (n, yn), . . , and {900/ y9Q0)/ ^ 

S tage 5 peedulintheydir e ctionis 78.947mm/ S ec, thepositiona! 
15 coordinate yn in the y direction is 

yn - 78.947 (mm/sec) xO ; OOOOOOlxn (sec) ( 3 ) 
Likewise, assuming that the coordinates for the 
irradiating position at the second scan line are (1, yl)/ (2/ 

y2), o, y 3) , (n , yn) , _ and (900 ^ ysoo) ^ the pog . t . onai 

20 coordinate yn in the y direction is 

yn - 78. 947x0. 0000001x{n+900)+a (4) 
Note that a in the egression (4, indicates the spacing between 
the first and second scan lines, and is decided by the length 
of unit area in the longitudinal direction (3m in thls example) 
2= and the number of rows for the array of measurement points in 
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the longitudinal direction (20 in this example) . 

Likewise, assuming that, the coordinates for the 
irradiating position at the i-th scan line are (1, y i>, (2 , 
y2), (3, y3), .., (n , yn) , and (900# y9QQ) ^ the positional 
5 coordinate yn in the y direction is 

yn = 78.947x0.0000001x(n+900x(i-i))+ax(i-l) (5) 
Note that a in the expressions (4) and (5) indicates the spacing 
between the adjacent scan lines, and is the distance decided 
by the length of unit area in the longitudinal direction (3mm 
10 in this example) and the number of rows for the array of 
measurement points in the longitudinal direction (20 in this 
example) . 

Similarly, when the measurement points in the unit area 
(45mmx3mm) are 320x60, assuming that the coordinates for the . 
IS irradiating position at the i-th scan line are (1, yi, , (2 , 
Y2>, (3, y 3 ), .., (n , yn), .., and (320, y320), because the 
stage speed u2 in the y direction is 74. 257mm/sec, the positional 
coordinate yn in the y direction is 

yn = 74. 257x0. OOOOOOlx (n+320x (i-1) ) +b x (i-1) (6) 
0 Note that b in the expression (6) indicates the spacing between 
the adjacent scan lines, and is the distance decided by the 
length of unit area in the longitudinal direction (3mm in this 
example) and the number of rows for the array of measurement 
points in the longitudinal direction (60 in this example). 
5 Figs. 2A, 2B and 3 are views for explaining the relationship 
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between the stage movement and irrad . at . n3 pos . t . on of 

electron beam, in Fig. 2 , slgn > v , indlcatM ^ irradiating 
Position of electron beam at that time and sign -O- indicate, 
the irradiating position of electron beam at the past time. 
1 Fig. 2a shows the scanning at the first scan line. The 

stage is moved at a constant speed in the y direction (arrow, 
in the figure, and at t - T, electron beam is applied to the 
coordinate position ,1, yl) . M t . 2I , ^ ^ ^ 

being moved at stage speed u, the position in the y direction 
on the same scan line as ,1, yl) is shifted by Qxl in ^ y 
direction. Thus, the position y2 in the y direction at the 
irradiating position (2, y 2l of electron beam is controlled 
to be the position y! in the y direction at t - T added by u,T 
Similarly, at the end of the first scan line at t = nT, the 
Position yn in the y direction at the.irradiating position ,n, 
vn, of electron beam is controlled to be the position yl in 
the y direction at t = T added by ux(n-l,T. 

Pig. 2E shows the scanning at the second scan line. The ' 
stage is moved at a constant speed in the y direction (arrow, 
in the figure. At t - ,„ tl)X , electron fceam ^ controlled so 
that the position in the x direction is returned to and 
the position yi i„ the y direction is varied froffi ^ ' 

yl at t . T added by uxnT to the position yn +1+a added by a 
Thereafter, the irradiating position of electron beam is 
controlled in the same manner as for the first scan line. Herein 
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a is the distance between measurement points in the y direction 
within the unit area. 

Fig. 3 typically shows changes in the irradiating position 
of electron beam for the stage movement in the y direction. 
5 The input unit 7c inputs the substrate species information 

of the substrate 2 which is an object to be tested, acquires 
the array of measurement points for the substrate, and sends 
the acquired information regarding the array of measurement 
points to the stage speed calculating unit 7a and the irradiating 
0 position calculating unit 7b. 

The substrate species information may be the information 
regarding the array of measurement points in the unit area, 
or designating the substrate species. The input unit 7c reads 
and inputs, this substrate species information.. Input of the 
substrate species information by the input unit 7c is made by 
reading the substrate species information from a recording 
medium provided for the substrate, or taken from a conveyor 
for conveying the substrate or a conveyor controller. When the 
substrate species information is recorded on- the recording 
medium provided for the substrate, any recording medium such 
as a bar code, magnetic recording, or an IC chip may be employed. 
Also, when the substrate species information is taken from the 
conveyor or conveyor controller, the substrate species ' 
information of the substrate for use in conveying the substrate 
on the conveyor may be employed. 
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When the information designating the substrate species 
is input as the substrate speoies information, the input unit 
7c reads the array o£ measurement points from the input substrate 
species information with reference to a prepared table listing 
5 the correspondence relation between the substrate species and 
the array of measurement points, and sends it to the stage speed 
calculating unit 7a or irradiating position calculating unit 
7b. 

Fig. 4 shows an example of the substrate species 
10 information. For example, the substrate A for the substrate 
species has the array of 900x20 measurement points, and the 
substrate B for the substrate species has the array of 320x60 
measurement points. ■ 

In this embodiment of the invention, if the substrate 
15 is conveyed by the conveying unit to . the substrate testing 
apparatus, the substrate testing apparatus acquires the 
substrate species information for the conveyed substrate which 
is an object to be tasted, and controls the stage speed and 
the irradiating position of electron beam on the basis of this 
■■0 substrate species information, whereby the substrate test for 
different substrate species is continuously performed without 
restarting the program of the apparatus. 

As described above, the substrate testing apparatus of 
the invention allows the substrate species to be changed without 
restarting the software for driving the apparatus. 



